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>15- - t X # 8^ 4S # : I 

- ^it^n ^^m^^ ' ^i^^^it^n ^^^^^ ^ 

^ - ^ € liJ 1^ - t a^a ^ ^ ^ " 

The present invention provides hysteresis circuits used in a 
comparator. The hysteresis circuits comprise a first resistor, a 
second resistor, a first current-generating device and a second 
current-generating device. The first resistor is connected 
between the source terminal of a first transistor and a constant 
current source. The second resistor is connected between the 
source terminal of a second transistor and the constant current 
source. Moreover, the current- generating devices are used to 
generate the currents for the current sources. When the output 
signal of the comparator is set to the first logic level, the first 
current-generating device generates a constant current into the 
source terminal of the first transistor and a constant current 
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out of the source terminal of the second transistor. When the^^ 
output signal of the comparator is set to the second logic level, 
the second current-generating device generates a constant 
current into the source terminal of the second transistor and a 
constant current out of the source terminal of the first 
transistor. 
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« - *i >ft * ffl : 

(- )^ # ^§ ^ -R. * ® >^ : 

Ql : ^ - PMOS ^ ^ 

Rl : 1^ — f: la 

1 1 : 1^ — ^ € >"?^ 

13 : ^ =. ^ € 

15 : 1^ i ^ € 

SW2 ^ j=.m m 

SW4 : ^ E9 f^l m 



( 4) ® » 
^ « tJL 8^ : 
Q2 : ^ ^ PMOS € S «t 
R2 : 1^ j::. H la 
12 : 1^ J=- ;t € >3S. 
14 : 1^ E9 ^ € 7J?L 

swi : ^ - m m 

SW3 : IS =- gfl M 



^ it} t a -ft ^ Vout » # ^ li} € a ^ M. Vout >f& it #1 € M 8f . 
M'j #r ^ t Jt 'ft ^ Vin ^ Jl $«J - Ji 89 m. € M ^ 
Vth • ^ iB t M ^ St Vout t-t^^^M-^n^^^^^^^^ 

M»#l^dil:>l'ftM. Vout . m^^%Sii$^ 

Win m T M - T m fk ^ ^ yt\ * ^ a € m -ft ft 
f: js >(iL vth ^ T m. 69 PI. € ^s. vti 4l f^i € M J: ^ ^ 
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^ ' * A 'J> T ^ ^ >^ "5" mV o ^ 

^ ^ fk^m M-^'K^"^ ^ 508567 f^m^^ ^^>^ 

I^^E 20^^-BaPatM>t^^ 22 — 24 A 

-tb^H 26° -^jffcbfe^^ 20#ffl*^^»jt-^^tM'ftM. 
Vin' m^i-|^ib^)^^f!; Vout ^ m ^ A ^ ^ 22^ ^ 

^ ' i^Mm - x^kt^Biit^ vdc j. ^ 

-jim.Bgi^^a'ti. Vth ^-TPILBgi^€a<iL Vtl» 

^ 24 t.^ - % - 24a II - ^ ^ 5f1 M 24b ♦ * ^ a ^ tb 

26:^^ii}tM^M;it#-te7^ ♦ ifQig#jLm.Bgm.'i:^^ 

vth ^TP^BaP^tM^Vtm^tb^H^^^-^^^tM." # 
^ * € M -ft fit Vout ^ 'fg. 2^ iltlt: Jt ' 24a ^ ON - i?fj 

^ M 24b ^ OFF ' ®,tbit#^^^^£24T^aj-hP^Baai: 
;t'(i.Vtho.S.^' t^^'^^i^^ Vout * # t M Bf ' fl'J 

m m 24a 4, OFF - ifh m M 24b ^ ON' Sjfcit#-fe;^^E24 

^ ^ ^ T mm ^% yt\ o jLig:^iSitf « 

f!t Vout it # t a ' m ^ >^ € M ^ Ife Vin ^ ^ Ji 

m.gam.€Mmvth'^aj€M^ffe vout 1 1^^^^^^^^ 
^m^^^B: ; -t^iiJtiit^^ Vout >^ s € M • g'j 

^ ^ t a -ft ^ Vin lit -fg. *^ T pa 89 m. € ^ ^ Vtl ♦ ^ ttj 1: ^ 

^ fi Vout t^^^m^^B^^^^^^^'^B' 

i«J si * » 
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[ # S 1 

.Sfe ' J. # 1^ >ft « ffi ^ ^ # ^ ^ - 

}f%3^ ' ^ >ft t ^ t iJil II € 7t # ' M B ^ ^ ^ 

It ;m iffe ^ tb ^ ^ ^ ^ € # ^ FbI ' 1^ ^ t PJ. 7b # ^ 

^:^^^*t^9^^i^^iJfe|!|tb^l§^^€>:^j^it#4LFBl « 1^ 

-5.^E9;t^j4i^7t##fflaJ.^|^tb^^^^f:>7^x^4il5] 
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1^ ^ € fa It »^ ^ JJfe FbI . >fltl^ E9 ^ m it # T it # '14 ^ 

(ON) ^ w &i ( OFF) •^^mit^n^mni^^ii^'tt 
, ^ - ^ ^ E9 M it # f^m ( ON ) ^%^^%^f^m7t 

# 4r M ^ ( OFF )' •ttb|^^4:.^dJ*ife^{iJ'ftSI.^I^— it^l-li 
, ^ - ^ 1^ E9 f^l M it >^ M P^l ( OFF ) m^^^^^f^U 
it # ^ Jit ( ON ) o 

' )lf5r>t^^t:^>^it#ti?fl'(S. I ^ 
a j:. € la it # € na. 'IS. R ^ ii ^ >^ K. >^ lx2R » » ^ 
>t ^>^'^ 2xIx2R o 
C ;5fe >5- ^ ] 

tiill4^#a^^>f€5S-^MflJf^it# ' flQ^^^^^tb^P€ 
PMOS €S^Q1>S.-I^ - PMOS t Q2- 
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- PMOS % Ql ^ ^ PMOS t^B^ Q2 >^:^*irtJi, 

JiQ m ^^^^^ PMOS ' ^ftg;m*!fe^^mi^tb^^^ 

— ^ >^ ' ' ^ ^'J ffl i-X ^ •liL ^ - ^ ^ fl; Vin+^ 
^itm, Vin- o tb ^ ^ ii :Sr # - :^ t ( ^ 5. ^ € >)Sl 2^ ) 15 ' 

Vin+^ ^ x.^ A.'ft St Vin-4L€ai:AV flfj^ib-^ife-ftS^ 
Vout ° 

^t^2.-^-l:ia Ri- - i^^iiia r2- - |^-^t:>:?5Li^ 

II > - ^ ^ ^ -^jSI 12 - - 1^ =. ^ t 13 - - 1^ U9 ^ t >lSl 

14^ - ^ - m SWl — ^ ^ fffl SW2^ - ^ X 5f1 SW3 ^ 
jSl" ^ va mm SW4o :^-tia.Rl^||j^tRi.R2'(^^fl»^^ 
i^^- PMOS €^a^ Ql ^i^^l&iife SI II^I^J^ PMOS t^lt 
Q2 4:. ;^ S2 ^ fal o It ^ It -r ^ ' :^ - t la Rl ^ — JJfe #, 
i*.^:!^ 1^ - PMOS t^B^Ql^^^^i^fe Sl^|^S.^m>)fl 
?^ 15 :C Fal . ^ € FJ. R2 ^ — # ^ ^.J it ^ ^ ^ PMOS 1: 
B^B ^ Q2 ^ iife S2 ^ 1^ S. ^ f: 15 4L FbI » 1^ - t PiL Rl 
^-^m R2 *:^t't-L^ai^-=s:-€ia<i. R» ^-^l^eg^ 
€ ijfi ii~i4 -5r>t^f't-L^ai^^€>ifL^ i4L;t€>7Si » # 
gp s. ;^ t >)S. 15 ^ ^ ^ € j5S. ^ |5] « :^ - € ii 

- f4 U SWl ffij i^S^ J. ^ - PMOS t S tl Ql ^^^^ 
SI ' -f^.* * ^ - 5f1.M SWl 4:.t^^ffijil#'l4it!L^>!i- 

^ t 1^ - PMOS Ql Sl» ||^^€>7fLi^ 
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12^,^i^n SW2 ifh^^M.^- PMOS € ^ Ql ^ 

SI' ^t.^^^^^^mm SW2 ifij ^ 

— PMOS t;^B^Qi4:,x^;&i>;fe si ti^di — ^€>7l<'i^'feiidi' 1^ 

=. ^ € >75L 13 # it ^ ^ ^1 SW3 ifij ^ ^ ^ ^ ^ PMOS ^ 
It Q2 ;^ Sl'^^^^^^^mm SW3 4:. ^ ^ ffii it 
#'14i«b^>!t-:^t>7fL5.^ PMOS € ^ M Q2 4l ^ iSfe S2 <> 
1^ ^ t 14 # it ^ ES ^ M SW4 ifhrn^S.^ ^ PMOS 

l; a^a ^ Q2 4:, ife S2 * °r #1 * 1^ f^l 5^ SW4 4:. ^ ffij 
it # '14 itb ^ ^ PMOS ^ Q2 ^i^^i^ S2 ^ di - ;t € 

^i&m^^ (SiltTF). ffl ;!f^^^J IS - 5. ^ fel M SW1~SW4 
:^m^ ( ON ) # M &^ ( OFF ) o f^l M it # ^ f'J ^ S. # -f^ ^ tb 
4^^4:.^dJilfe(fflik7F)6fj^ih^f!. Vout ^-^iik^ - M.^^ 
m U SW1~SW4 o 'ttb^l|4L^itJilfe6^^tH^tM. Vout >^ >fg. 3 
^€^8^ ' ^i^M^-^^^ff^U^mi^ (ON) ffijl^J^IIIS 
=. 5f1 M ^ ( OFF )« Sitb » " :€%y^iJ^ II ■^T'^^m^m 
J. 1^ — PMOS Ql4:,i^;feJJfe SI' flq|^izg^€>?fL>^I4 

"-r IS ^ PMOS € ^ Q2 4L ^ ijfe S2 tl- dJ — ^ € tJSl » tb 

*tP^^dji«;fe60^dj^^ Vout ^^m^'^^^'^^^l^" 

^^\!amm^mm ( off ) sriis-^^is^f^fiM^^^coN)'' 

Sjtb ♦ :^^;t€>7S.i^. 13 -r^a^^^TS-J.^^ PMOS € a^a ^ 

Q2 ^m.mi^ S2 ' ffij ^ — ^ f; 55?i 12 ^ ^ ^ - PMOS € a It 

Qi ^ij^-^mi^ SI ^ dj - t: " 
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.fi o ,7)^gp , '^tt^n^^iii^^m^it^ Vout >fg. iS H t M ^ 

Vin-^ i^- € a J: Ix2R . :t "^r-flt^ it} ^ It. Vout * S li- 

€JS#^>^i^^*^tM«' -tit^n^^a^i^^^iiit^ Vout 

tb^^^^>ft^ Vin-'fg.i^ - t JSJ: Ix2R ' T'gt*^ iH 'ft ffe 
Vout * i^it*l€>t#4fe>^'fS.^#l€a » ^f^l^tJ^tSLtf^S 

J-XT^If ^.^ffl 5(a)^ 5(b).5L® 6(a)|| 6(b)t^ ;^ # ^ 
^ >f, 3S " 

m 5(a)^ 5(b)# ^ tb^ H ib ijfe * -f&i^^^ € M #^ ^ 

fit Vout ^ m; ;S alp . * ;^ ^ - II ^ Eg F^l M >^ ( ON ) 

ffr>^— ( OFF) . @ jtb ' 1^ - ;t f: 11 

»r#>5i^€>:j^i^i^ - PMos ^^aitQi^i^^isfe si - ifiii^ 

E9 ^ t >:?S. 14 -sf 4^1 ^ ^ PMOS € IS Q2 4:. X* ijfe S2 ^ iU 
-^t>:?SL I - itbBf ' ^tb4^^4:.^^i5fe4:-IS-^^itSt Vin+ 
^mi^^^^^^^^^'i^^ Vin- ' m ^ ^ PMOS t #B It 
Q2 - <a ^ - PMOS tS^Ql 5(a) 
m ' ^ - PMOS t B^B It Ql ^ it 1/2 t ' ^J?L .^f. 1^ - t la. 
Rl € >7fL ^ 1/2 ' j5Sl M ^ ^ t la R2 4:. m >75l 31/2 » ifn ^ — 
PMOS € a% ^ Q2 1/2 ^ l: >7Sl » r!^ ' 1^ - PMOS ^ 

Ql SI |S| ^ ^ PMOS m ^B ^ Q2 ^i$;^J* S2 4l fal 6«J 
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( 1/2 ) xR+ ( 31/2 ) xR=Ix2R » ^ J-:^ ' t tb ^ ^ ^ ^ 
m ^fl^ - ^ ^ Vin+i£ m ;(ro ^ ^ 1^ ^^>^'ft 
Vin-Bf . tb^P^^itJJJfe^^dJ-ft^ Vout M. ^ ^ Sl M * 'fR S 

^>V>ftM; Vin-4L € J: AV i^;^ Ix2R ' ^i" >flt ^ d3 -ft 
Vout *>fg.it*^'tM#^>%i^it#€^ " 

. @ 5(b)m . # ^ i±} 'ft ffe Vout ^>fg.^#|t>S#^'^i^it 
♦I t 4^ ' :^ - ^ ^ f^l 4? M ( OFF ) ^ % 
M^^Wii (ON)o Sifc ' |^-^I^E9;t€>)li^ II ^ \^ 
y^^^j^, ^=.^t>l^^>^ IS-sT'^vi&^t^JS. 1^1^^ PMOS % 
a ^ Q2 4:. ilfe S2 . ^% ^•^%^^^% 12 «r 4^1 ^ - PMOS 
Ql SI I' itba^ • %- PMOS 

€ ^ ^ Ql W F'fl ♦ ^ — PMOS € It Q2 ^ i£ t J'Jfl I - 

m^fa iib ' ffl 6(a)^ 6(b)# ^tb^^^^tHJIfe^i^itW-tM 

^ iiJ -ft Vout i^i^it#^€>l8f'*^l^-^l^®P^1M>^M 
a-l ( OFF ) ^ % ^ ^ % m % ^ ( ON ) ' ® itb ' ^ =. ^ 

t j/fl 13 ^ ^ ^ € I J. ^ — PMOS € It Q2 iJfe 

S2 ' ffij ^ — >>^> 12 ^4)!^: ^ - pmos ^ b^b It Q1 ^ i^^^Jfe 

Vin+i£^|^a^ ^-fg.;^ ^ — ^^-ft ^ Vin- » «'J |^ - PMOS 
m^^Ql^m^^l^ — PMOS l:^a^Q2rJaijtM^-®ifc' 
@ 6(a)m ' ^ ^ PMOS t ^ Q2 ^ it 1/2 ^ f: >l^l ' ^Jil a 
1^ ^ la R2 € 1/2 ' y^L M 1^ - € la Rl 4:, t >7fL 31/2 ' 
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m ^ - PMOS t^^Ql 1/2 ^-^'A " ^ ' ^ - PMOS ^ 

% Q\ ^i^mi^ SI ^ PMOS € #a It Q2 S2' 

fal ^Kj € a J: : - ( 1/2 ) xR- ( 31/2 ) xR=-Ix2R - m J-^ ' # 

^/Nw-ft m Vin-B^ 'tb^H^^dliJfe^^iU'ft^ Vout ii ^ ^ :£l 

Vin+^ ^ ^ ^ ^ 'ft ffe Vin-4L 1: M J: AV ^ -Ix2R 8f . ;j- ^ >jt 

^ ^ it Vout ^^m^'^^n^^^^^^^^ ' 

if @ 6(b)m ' dJ ^ ^ Vout *i^3t^t^#^^'f&^ 

m; a 41 ' ^ - ^ ^ E9 Fffi M A p^m ( ON ) m^^n^^mm 

( OFF )o Qjlb' f^^n^^^%y^ii^i2^u^^^ 

ii •sr-f^m^t^i^ ij.^ - pmos t a% 

M Ql ^mm^^ SI' ifh ^ va :^^y^yJ^ 14 ^Mt^ ^ PMOS € S 
It Q2:e,i^;&J^ S2^ih-^t>:^ 1° itbB^^-^ PMOS t a^a It 
Q2 m m ' ^ - PMOS € ^ ^ Ql € >:j5l I » 

I1~I4 n^^M^s.:^'^}^}^^ 15 :^*^a is]4:.;t€';??L'li. 
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mit^n^^^^i^ Vin+^ Vin-^;5"J#i'J tb^ 
;|B ^ >^ Vin+^ f'J«fe.ife^fcfc4^4:,^ffc»>|5t® 2^7F4Lf^a 

Jl iiit ^ ^J-J # >^ #J ^ '14 ^ # 3^ ^ S ^ ^ ^ ' 
it 4^ # 8^ ^ a # ^ # # T ' m AI^^H^i^^^^^'it o 

@ 2#-^f^o;^jttb^^S.4:,7F^€ii«-^ » 

m " 

m 5(a)|l^ 5(b)#, >^ tb^ H 1±} ijfe * -f&SII € ^ #^ >^ 

m 6(a)|| 6(b)# i|,tb*tll^^ibiJfe*^i€#H;S#^-^^S. 
[ @ I!. ^ ] 

20:^>ftb^^S. 22:gam.f:^>i.i^ 
24 : iS # -b; ^ ^ 1. 24& - ^ m 
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24b : % ^ ^ m 

Ql : II - PMOS % 

Rl : % — 

II : % - 

13 : II =. ;t € 

15 : % 

SW2 : 1^ — gfl M 
SW4 : % m 



26 : tb ^ ^ 

Q2 : ^ ^ PMOS t: S 

R2 : II ^ € la 

12 : H — ^ € ^'Jtl 

14 : H E9 ^ t >7SL 

SWl : % - i^m 

SW3 : m =. Bfl gfl 
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H ^ ^ t ^ F«1 J 

^ ;t € >^ ^ Pal ; 

4L € ^ » 
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t • tg^-#l^— tB^aM#. >^ PMOS € It " 

6. ^ ^ n^^'l^^^ 1 :^4Lffl;^tb4^^ t Jig- ' * 

^ ^ t )5?i ^ Pal ; 
n ^ ^ € ^ M ' 

7t # >^ f^m ( ON ) rfhm^ n m ^"i^ ^ M m ( off ) • 
^ ^ % - ^ % ^ m 7ti^ ^ Wi m ( OFF ) ^ ^ ^ ^ 

=- 5f1 M it # ^ ^ it ( ON ) ; 
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- ^ X ^ € /t # ' ii i.^ ^ =. M 7t # ffij it # -14 ^ 
^ - 1: a^a II ^ ^ jjfe ^ dj - ^ i: » 

^ t ^-^^ ^ 'IS. " 

t ' - n% i^^^>^ PMOS € ^ » 

12. io t It # jfij H. ® ^ 7 4:. « ;^ tb^ H >^ € ' * 

13. ^ ^^^^ - ^ 
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# ^ ^ 1^ - € B^a ^ ^ nnit^n^^%y^>^^ 
^ 2^ ^ iJfe 4:. f«1 ' >fit ^ - ^ € >7Il it # »r it # '14 iilz. -ftt >!i 

^ € >7?L ^ 1^ - t B^a It ^ 5^ iJfe ; 

^ € 5- ^ II € B^a It 4:. ^ i^fe : 

mB. ( ON ) n M ( OFF )' ^t^tnit^m^^mz^ia 
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-ff^^^-sii^Bf ' n^-^^^mu^t^^^m^ (on) 
rfhn^^^^^mmTt^^^mm ( off) » tnit^n^ma 

( OFF ) ifhn^^^^^mmyt^^m^ (on)- 




Vin 



1 



Vout 
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lx2R— 
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e—i 5 


i M 


1— lx2R 

AV = Vin+ - Vin 
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